Objective: The aim of this study was to assess serum selenium (Se) level of Slovenian mothers at birth and to elucidate its impact on the Se content of umbilical cord serum of their newborns and of that of colostrum. Subjects and methods: In sera of 20 Slovenian mothers at delivery and in the corresponding umbilical cord sera of their newborns Se concentrations were determined by hydride generation atomic absorption spectrometry (HG-AAS). In addition Se levels in 10 healthy female blood donors were determined. Colostrum samples of 18 mothers collected on the second and third day post partum were also investigated for their Se content. Results: Serum Se concentrations of mothers showed to be 62 AE 15 mgal. Umbilical cord sera had 34 AE 7 mgal, which amounts to 55% of the maternal content. Concentrations of Se in colostrum ranged from 17 to 48 mgal with a mean of 29 AE 10 mgal. In the sera of female blood donors the mean was 66 AE 15 mgal. A signi®cant correlation (P`0.002) between the Se content of maternal and umbilical sera could be established. No signi®cant correlation was found between maternal serum Se concentration and that of colostrum. Conclusions: Our data show that dietary Se intake for pregnant women in Slovenia is borderline.
Introduction
Serum selenium (Se) concentration is closely linked to the Se dietary intake. Despite similar dietary habits of populations living in different geographical regions their Se intake may differ considerably, ie from less than 10 mg day 71 in Se de®cient areas to 4490 mg day 71 in seleniferous areas (Gissel-Nielsen, 1989) . The recommended dietary allowance was calculated as 55 and 70 mg day 71 for adults (Levander, 1989) . The Se requirements of pregnant and lactating women increases as a result of Se transport via the placenta and via breast milk (Korpela et al, 1984; Zachara et al, 1993) . Blood and serum Se levels therefore decrease during pregnancy and are lower than in nonpregnant women (Zachara et al, 1993; Levander et al, 1987) . Regardless of the plasma Se concentration in pregnant women before delivery, the Se level in serum of neonates is lower (Zachara et al, 1986; Kumpulainen et al, 1985) . The Se content of breast milk also decreases with time after birth: it is high in colostrum, decreases signi®cantly in transitional milk, and becomes stable in mature milk (Robberecht et al, 1985; Krachler et al, 1998) . Se is an essential component of more than 10 selenoproteins (Arthur & Beckett, 1994) with multiple biochemical functions. Therefore, Se is of particular interest in infant nutrition from the very early beginning. The aim of the present study was to assess the serum Se levels of Slovenian mothers at delivery and to elucidate their impact on the Se content of umbilical cord serum of their newborns and that of the colostrum.
Material and methods

Samples and subjects
Whole blood ( % 5 ml) of 20 healthy mothers was drawn with polyethylene syringes within 0.5±2 h before delivery. Serum was prepared by immediate centrifugation of blood for 10 min at 1800 g at 4 C. The serum samples were transferred into polyethylene tubes and kept at 720 C, until they were mineralized. Mean age of the mothers was 27.1, range 20±38 y. Pregnancies had been uneventful and delivery was uncomplicated. Sera of umbilical cord blood of 20 neonates (nine females, 11 males) of the same mothers were investigated. The newborns under investigation did not show any signs of disease. Sixteen newborns were mature and four premature with a gestational age of 36 weeks. All newborns could be breast fed. Colostrum ( % 6 ml) from 18 mothers (from two mothers no colostrum was available) were collected on the second and third day postpartum. Mothers of the newborns had been fully informed about the aim of the investigation and gave their consent to the study. In addition, serum Se levels in a group of 10 young healthy women were determined.
Mineralization of serum, colostrum and milk powder A closed-pressurized, high-performance microwave digestion unit (MLS 1200 MEGA, MLS GmbH, Leutkirch, Germany) equipped with a rotor for 10 te¯on vessels designed for pressures up to 30 bar was used for mineralizations. Aliquots of serum ( % 1.0 ml), colostrum ( % 1.5 ml) or milk powders ( % 300 mg) weighed to 0.1 mg were poured into the digestion vessels and mixed with 1.5 ml concentrated HNO 3 , puri®ed by sub-boiling distillation in an all-quartz distillation unit and 0.5 ml high purity hydrogen peroxide (30%, Suprapur, Merck, Darmstadt, Germany), and mineralized under conditions described previously (Krachler et al, 1998) . Completely clear, colorless, homogenous digest was obtained and subsequently diluted to 10 ml with high-purity water.
Determination of Se and quality assurance
The concentrations of selenium in the digests of milk, milk powders and serum were determined by¯ow injection hydride generation atomic absorption spectrometry (FI-HG-AAS). Details of the analytical procedure have been published previously (Krachler et al, 1998) . Each result was the mean value of at least three measurements. The detection limit of the method was 3 mg Seal of milk or serum. The standard deviations of the results for single samples were always less than 10%. The accuracy and precision of the procedure was tested with two standard reference blood and serum materials (Nycomed, Oslo, Norway, Whole Blood, batch no. 205052 and serum, batch no. 311089). The Se concentrations found were 87.9 AE 3.9 mgal (n 3) for the reference blood and 84.4 AE 4.9 (n 3) for the reference serum. These concentrations agreed well with the certi®ed values of 83 AE 4 and 86 AE 2. Additionally, two certi®ed skim milk powder reference materials (BCR 063, natural level, and BCR 150, spiked BCR, Brussels, Belgium) were analyzed. Experimental concentrations (84.0 AE 3.6 and 124 AE 8.0 mgakg) were in good agreement with the indicative values of 88 and 125 mgakg, respectively.
Statistical analysis
The results were subjected to statistical analysis (Microsoft Excel) using Student's t-test, as well as correlation and linear regression analysis.
Results
Concentrations (mgal, means, standard deviations, ranges) of Se in 18 colostrum samples, in 20 pairs of maternal and corresponding umbilical cord sera and in 10 sera of healthy female blood donors are summarized in Table 1 .
Maternal sera gave a mean serum Se concentration of 62 AE 10 mgal. Female blood donors had mean serum Se concentration of 66 AE 15 mgal. The mean Se concentration of umbilical cord sera was 34 AE 7 mgal. Colostrum samples have a mean serum Se concentration of 29 AE 10 mgal.
Discussion
Our data reveal that serum Se levels of mothers at birth and young healthy women in Slovenia are among the lowest in Europe. These values are comparable with those in sera of adults in Austria (69 AE 24 mal), in Bavaria, Germany (70 AE 10 mal), in Greece (63 AE 14 mal) (Tiran et al, 1992) and in Poland (55 AE 10 mal) (Zachara et al, 1993) .
Our ®nding, that women at delivery have decreased serum Se concentrations in comparison to age matched women is in accordance with other studies (Rudolph & Wong, 1978) . The mean Se concentration of umbilical cord serum was 55% of that of the maternal serum (Table 1, Figure 1) . A signi®cant linear correlation (P`0.005) between Se concentrations in maternal and in umbilical cord sera could be established (Figure 1) , indicating the strong dependence of serum Se levels of newborns on the selenium status of their mothers. However, these correlations do not exist only for selenium. Recently, strong correlations between umbilical cord and corresponding maternal sera concentrations of the trace elements Cs, Li, Mo, Rb, and Zn and weaker correlations for zthe electrolytes Ca and Mg were also reported (Krachler et al, 1999) .
The Se concentration in colostrum shows a mean value of 47% of that of maternal sera with a wide range of colostrum Se value between 17 and 48 mgal (Figure 2) . Although the ®ndings of other authors (Higashi et al, 1983; Kumpulaien et al, 1985) show statistically signi®cant correlations between maternal serum and breast-milk Se concentrations, we could not establish a signi®cant correlation between colostrum Se concentration and maternal sera concentrations. Levander et al (1987) investigated mature human milk and found a statistically signi®cant relationship (r 0.35; P`0.025) between maternal plasma Se level and breastmilk Se concentration. The Se supply in infancy can be increased by providing the lactating mothers with Se. The ef®ciency of such a dietary concept was investigated (Kumpulainen et al, 1985; Tra®kowska et al, 1996) . These studies show that the Se concentration of human milk and Se supply in infants can be effectively increased by supplementing lactating mothers with Se enriched yeast. In addition the chemical form of the dietary Se appears to be of importance. Levander et al (1987) clearly Figure 1 Correlation between concentrations (mgal) of Se umbilical cord sera and maternal sera.
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demonstrated that selenium organically bound to yeast (yeast±Se) is more effective than (inorganic) selenate in increasing maternal plasma and erythrocyte Se concentrations. Maternal Se intake of 50±75 mgaday appears to be adequate for infant and maternal needs during exclusive breast-feeding prolonged even beyond 6 months (Kumpulainen et al, 1985) . We conclude that our data are indicative of the fact that the dietary intake of Se in pregnant and lactating women in Slovenia is at a borderline level and thus Se supplementation is needed.
